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Abstract
Late Permian radiolarians were found from chert and siliceous mudstone of the "Gufeng Formation"
in the Tongtianyan section, Liuzhou, Guangxi, China. The radiolarian assemblage includes Latentifistula
similicutis, Foremanhelena aff. triangula, and Hegleria mammilla, with a small amount of Albaillella
cavitata and Albaillella yamakitai. Since the radiolarian - bearing strata are correlated to the Upper
Permian Follicucullus charveti - Albaillella yamakitai Assemblage Zone, the Upper Permian Dalong
Formation is thought to be present in this area. These strata should be separated from the Middle
Permian Gufeng Formation.
The relative abundance of radiolarians and sponge spicules was examined at each sampling hori-
zon. The abundance of sponge spicules increases upward. The faunal change in microfossils may be
related to the lithofacies change from siliceous facies to mudstone facies, reflecting the upward shal-
lowing.
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1. Introduction
Permian radiolarian fossils had been reported pro-
gressively from Guangxi Zhuang's Autonomous Region,
China. The first was reported by Zang and Jiang (1980)
from the Changxing Formation, Heshan, Guangxi. They
detected "Flustrella" in thin sections of tuffaceous
rock. Early to Middle Permian radiolarians were
reported from the Gufeng Formation in southeastern
Guangxi (Xia and Zhang, 1998). Feng et al. (2000)
found Paurinella? from the Matan section, Heshan.
Well preserved radiolarian species from the Changxing
Formation, Liuqiao area were described in detail by
Shang et al. (2001). Recently, radiolarian fossils were
found from the Upper Permian Tieqiao and Penglaitan
;ections, Laibin (Shang, 2003; Kuwahara et aI., 2003b).
Taking the broad distribution of the Permian strata in
Guangxi into account, the reports of radiolarian fossils
from the Permian strata on the Yangzi Platform seem
to be still small, whereas many workers have recorded
the radiolarian occurrence from the Qinzhou area in the
south Guangxi (e.g. Wu et aI., 1994abc; Wang and Li,
1994; Wang, 1994; Wang et aI., 1998; Kuwahara,
1999b; Sun et aI., 2002, Zhang et aI., 2002). As Mei
et al. (1998) noticed, during Guadalupian, northerly-
trending narrow basin occurred in eastern Guangxi, and
it presumably shifted into the Qinzhou Trough towards
the southeast. The basinal deposits are dominated by
chert. The radiolarian fossils mainly occur in radiolar-
ian cherts of the Qinfang Terrane (Yao et al., 2004).
Wang (1991) summarized the radiolarian research
and further problems in China. He stated " ... but the
relationship between the Permian radiolarians of the
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Fig. 2 Geologic outline of the study area, showing the
localities of some Permian sections. Geologic
map is modified from lin et al. (1994).
Tongtianyan section of Yao et a1. (1993), and found a
newly cut outcrop where cherts and siliceous mudstones
were exposed (Fig. 1). We collected samples for radio-
larian biostratigraphic research. Here we report the
results of radiolarian occurrences and their geological
significance is discussed.
We use in this paper the spelling for Chinese stage
names and platform name, e.g. Wujiapingian and Yangzi,
according to the Chinese Pinyin system.
2.1 Geologic Settings
The Upper Paleozoic to Triassic marine strata on
the Yangzi Platform of South China are extensi vely dis-
tributed in the Liuzhou and Laibin areas (Bureau of
Geology and Mineral Resources of Guangxi Zhuang
Autonomous Region, ] 985). The Permian strata are
exposed in a scattered pattern (Fig. 2). The studied
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Fig. I Index map of the Tongtianyan section.
basin facies and those of the intraplatform trough facies
still needs further research work". The question remains
unsolved in part. Wu (1999) referred to the significance
of radiolarian chert for the Permian paleogeography of
South China. Based on the distribution of chert, two
regions and one belt were recognized. The central-
north Guangxi as well as the middle and lower Yangzi
areas are included in the northern region. The existence
of deep basins along the Yangzi Platform margin dur-
ing Middle - Late Permian time and seaway linked with
the Paleo-Tethys Ocean was reconstructed by him. We
could expect the more precise tectonic setting and the
further understanding of radiolarian assemblage.
Since 1991, the second author (Yao Akira) has con-
tinued Japanese-Chinese cooperative work by micropa-
leontological methods on the Paleozoic - Mesozoic of South
China (Yao A. et a1., 2001). In one of these studies,
Yao et al. (1993) reported Permian radiolarians from
cherts of the Tongtianyan section, south of Liuzhou,
Guangxi. The radiolarian-bearing cherts belong to the
Gufeng Formation, which directly overlie the limestone
of the Qixia Formation. They detected Follicucullus
scholasticus and Pseudoalbaillella? sp., and correlated
the sampling horizons to the uppermost Middle Permian
(Maokouan). Recently, Kuwahara et al. (2003a)
reported Late Permian radiolarians from the Chituao
section, Laibin, Guangxi. The Chituao section had been
considered as belonging to the Gufeng Formation, but
correlated to the Dalong formations based on the radio-
larian age. Because radiolarian analysis is especially
useful to correlate cherty rocks, re-examination of the
Gufeng and Dalong formations in this area may help us
to bring new interpretation.
We carried out a field survey on March 2003 in
Guangxi area. At that time, we visited the area of the
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Tongtianyan section is located 10 km south of Liuzhou.
Though we could not identify the same outcrop of Yao
et al. (1993), we named the Tongtianyan 1 section for
the nearly same point of Yao et al. (1993), and the
Tongtianyan 2 Lower (abbreviate to L) and 2 Upper
(abbreviate to U) sections for the recently cut outcrop.
In addition, the Tongtianyan section is sited 30 km north
of the Chituao section of Kuwahara et al. (2003a). It
is situated SO km north of the famous Penglaitan sec-
tion, which is the Global boundary Stratotype Section
and Point (GSSP) for the base of the Lopingian and
located on the east slope of Laibin Syncline.
2.2 Explanation of studied section
Tongtianyan 1 section
The Tongtianyan I section as assigned by us, is
nearly at the same point as the Tongtianyan section of
Yao et al. (1993). The GPS indicates the point of 24°
10.689'N, 109°26.136'E. This section is exposed as a
small outcrop on the side of a hill, and the thickness of
the section is 2.2 Itl. The beds strike N50° Wand dip
IS° N. The section consists of thick - bedded cherts wi th
thin lamination. The cherts change from gray to red in
color within the section (Fig. 3.5, Fig. 4), and belong
to the Gufeng Formation. The contact with the under-
lying strata is not exposed, but alternating beds of chert
and limestone, which belong to the Qixia Formation,
crop out below the bedded cherts.
Tongtianyan 2L and 2U sections
The locality of the Tongtianyan 2L and 2U sections
is 300 m north of the Tongtianyan I section, and locates
stratigraphically above the Tongtianyan 1 section.
Within the outcrop, two continuous sections were
observed. The Tongtianyan 2L section is 6.5 m thick,
and the Tongtianyan 2U section is 10 m thick (Fig. 3.1-
2, Fig. 4). Two sections are probably overlapped partly,
but their continuity is unclear because sand and gravel
cover the sections. The beds strike N600E and dip 30° S
at the Tongtianyan 2L section, and strike N60° E and
dip 20° S at the Tongtianyan 2U section. These sections
mainly consist of black to dark gray bedded chert,
siliceous mudstone and mudstone (Fig. 3. 3-4, Fig. 4).
The lower part of the Tongtianyan 2L section is
black to gray bedded cherts (1-5 cm thick). The mid-
dle part is mainly siliceous muds tones from several to
10 cm thickness. Lamination is observed on the weath-
ered surface of the siliceous mudstone beds. Thin alter-
nation of black chert bed and mudstone bed occurs
around the horizon of sample R2557. The upper part,
near sample R2560 to R2562 is black bedded cherts (2-
4 cm thick). At the top part of the section, thick bed-
ded (ca. IS cm) siliceous mudstones are alternating with
mudstone beds (ca. 3 cm).
The lowermost 1.5 m of the Tongtianyan 2U sec-
tion consists of black bedded cherts from 5 to 12 cm in
thickness. The lower part of this section is mainly com-
posed of chert, with thick mudstone partings (max. 5
cm) which occur in the horizons between sample R2570
and R2571, and R2575 and R2576. Thin bedded black
cherts (3-5 cm) occur from the horizons of sample
R2573 and R2574 and their surroundings. In these hori-
zons, the color of chert changes within one bed, where
the middle is brownish gray and the base and top, black.
In the middle part of the section, bed thickness
increases, as the siliceous part is ca. 10 cm and the mud-
stone parting is 1- 2 cm. The section shows a coarsen-
ing upwards. The upper part of the Tongtianyan 2U
section is characterized by thick bedded siliceous mud-
stones (ca. IS cm thick) with brownish mudstone beds
(ca. 2 cm thick).
3. Materials and Methods
Four samples, numbered from R2543 to 2546, were
collected from the Tongtianyan I section. Eighteen
samples (R2547-R2564) and 17 samples (R2565-
R2581) were collected from the Tongtianyan 2L and 2U
sections, respectively (Fig. 4). Based on the general dip
and strike, the horizon of R2560 of the Tongtianyan 2L
section may correspond to that of R2570 of the
Tongtianyan 2U section. The sampling interval is sev-
eral tens of centimeters and when collecting samples,
the siliceous parts were selected. In some samples, radi-
olm·ian molds were observed by a hand loupe. Each
rock sample weighed several hundred grams.
Rock samples were treated by the usual HF treat-
ment, as described in Kuwahara et al. (2003a). Residues
were collected using 35 and 200 mesh sieves. All sam-
ples were observed under a transmitted light microscope
and a binocu Iar microscope. Scanning photom icro-
graphs were taken for samples R2565 and R2574.
Radiolarian fossils, with preservation ranging from
very good to poor, commonly occur in all samples.
Sponge spicules are also common. Foraminifers, ostra-
coda(?), conodonts(?) and unidentified bio-fragments
rarely occur from some horizons. To quantify the fau-
nal composition of their fossils, the occurrence was
cou nted under a transm itted light microscope for the
Tongtianyan 2L and 2U sections. More than 200 indi-
viduals were counted for one sample. Lithic fragments
of residual matrix were also counted, in view of the fact
88 Late Permian radiolarians from Liuzhou. Guangxi, China
Fig. 3 Photographs of the Tongtianyan sections, Liuzhou, Guangxi, China.
I. Panoramic view of the Tongtianyan 2L and 2U sections. The right side is the Tongtianyan 2L section, and
the left cliff is the Tongtianyan 2U section. 2. View of the Tongtianyan 2U section. 3. Chert layers of the
Tongtianyan 2U section. 4. Close-up view of black chert, siliceous mudstone and mudstone on the Tongtianyan
2L section. The sample sac numbered R2SS7 is placed at the collecting point. The hammer is 27cm for scale.
S. Photograph of th lower part of the Tongtianyan I section, showing the chert changes from gray to red in
color. 6-7. Thin-section photomicrographs of R2S43 of the Tongtianyan I section. Follicucullus scholasliclls
are shown in the center. Plane light.
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Fig. 4 Columns of the Tongtianyan sections with sampling horizons. Sketch of the section
roughly shows the change of bedding thickness.
that they reflect the nature of the residue.
4. Microfaunal Distributions
Percentages of radiolarians, sponge spicules, other
microfossils, and lithic fragments are shown in Fig. 5.
The faunal composition changes through sections. In
the Tongtianyan 2L section, radiolarians are frequent
from R2547 to R2549 of the lower part, and abundant
from R2560 to R2562 in the upper part. Fossil preser-
vation is poor from sample R2557 to R2559 in the mid-
dle part. In the lower part of the Tongtianyan 2U sec-
tion, from R2565 to R2574, radiolarians show high fre-
quency of occurrence. In the upper part of the
Tongtianyan 2U section, radiolarians decrease, whereas
sponge spicules and lithic fragments increase.
The faunal composition may be influenced by the
lithofacies of samples. Radiolarians are abundant in
samples of thin bedded chert, while sponge spicules are
abundant in thick chert and siliceous mudstone.
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Fig. 5 Percentages of radiolarians, sponge spicules, lithic fragments and other microfossils (mainly foraminifers) on
the Tongtianyan 2L and 2U sections.
5. Radiolarian Assemblages
From the sample R2543 of the Tongtianyan I sec-
tion, Follicucullus scholasticus Ormiston and Babcock
was detected under thin-section (Fig. 3. 6-7).
From the Tongtianyan 2L section, moderately pre-
served radiolarians appeared. Under transmitted light
microscope, at least 28 species were identified. The
radiolarian assemblage contains Latentifistularia,
including Latentifistula similicutis Caridroit and De
Wever, Ormistonella robusta DeWever and Caridroit,
Pseudotormentus kamigoriensis DeWever and Caridroit
and others (Fig. 6). Entactinaria and Spumellaria are
abundant and Hegleria mammilla (Sheng and Wang) is
common. AlbaiIIeIIarian species was not detected.
In the lower part of the Tongtianyan 2U section,
moderately to well preserved radiolarians were obtained
(Fig. 7, Plates 1-2). Some well preserved radiolarians
from sample R256S' show internal structure of the shell
(e.g., Plate 2, Fig. 29). Radiolarian preservation in the
upper part of the section becomes poor. More than 50
species of radiolarians occur through the Tongtianyan
2U section. Although the abundance of albaillellids is
scarce, Albaillella cavitata Kuwahara and Albaillella
yamakitai Kuwahara, with two undescribed albaillel-
lids were detected. No foilicucullid was found.
Latentifistu]aria, Entactinaria and Spumellaria are abun-
dant. It may be noteworthy that Foremanhelena aff. tri-
angula DeWever and Caridroit (Plate 1, Fig. 16) and
Triplanospongos aff. dekkasensis (Noble and Renne)
(Plate 1, Fig. IS) are prominent in sample R2S74,
although they are absent in sample R2S6S. Hegleria
mammilla is also common. Pseudospongoprunum?
fontainei Sashida (Plate 2, Fig. 23) and some unde-
scribed species, which have spongy outer shell (Plate 2,
Figs. 24 - 28) are characteristic.
The radiolarian assemblage obtained from the
Tongtianyan 2L and 2U sections is very similar to the
assemblage from the Chituao section, Laibin (Kuwahara
et aI., 2003a). It is remarkable that the Tongtianyan
assemblage lacks foIIicucuIIids, whereas they are pres-
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Fig. 6 Radiolarian distribution in the Tongtianyan 2L section.
ent in the Chituao assemblage. The Tongtianyan assem-
blage may possess somewhat diverse fauna compared
with the Chituao assemblage, which includes a total of
47 species throughout the section.
Based on the composition of albaillellids, the
assemblage from R2565 to R2574 of the Tongtianyan
2U section is compared with that of the Follicucullus
charveti - Albaillella yamakitai Assemblage Zone
(Kuwahara et al., 1998; Kuwahara, 1999a) of the Mino
Belt, Southwest Japan.
6. Discussion
6.1 Geologic significance
Yao et al. (1993) reported the occurrence of
Follicucullus scholasticus, Pseudoalbaillella? sp.,
Nazarovella sp., Latentifistula sp. and spumellarian
radiolaria from the Gufeng Formation of Tongtianyan
section, Liuzhou. They pointed out that chert layers of
the Gufeng Formation immediately cover the limestone
of the Qixia Formation. The radiolarian bearing hori-
zon was shown to correspond to the uppermost Middle
Permian (Yao et al., 1993). We could obtain
Follicucullus scholasticus from the Tongtianyan 1 sec-
tion, also. We consider that the Tongtianyan 1 section
is almost the sanle horizon as that of Yao et al. (1993).
The sample of Yao et al. (1993) and the Tongtianyan 1
section may be correlated to the Follicucullus scholas-
ticus - Follicucullus ventricosus Assemblage Zone of
Southwest Japan. This zone is just below the
Follicucullus charveti- Albaillella yamakitai
Assemblage Zone.
The strata from R2565 to R2574 in the Tongtianyan
2U section is correlated to the Follicucullus charveti-
Albaillella yamakitai Assemblage Zone. The age of this
zone is assigned to early Late Permian (Wujiapingian)
time by Japanese radiolarian biostratigraphy as men-
tioned below. This result may indicate the presence of
the Upper Permian siliceous rocks in this area.
Kuwahara et al. (2003a) reported Late Permian
radiolarians from the Chituao section, Laibin. This
Chituao section is located 30 km south of the
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Fig. 7 Radiolarian distribution In the Tongtianyan 2U section.
Tongtianyan section and consists of bedded cherts and
siliceous mudstone beds with manganese layers. The
section had been considered to belong to the Gufeng
Formation of Middle Permian age. Based on the radio-
larian age, Kuwahara et al. (2003a) suggested that the
section belongs to the Dalong Formation apart from the
Gufeng Formation. The siliceous rocks, which are
regarded as parts of the Middle Permian Gufeng
Formation in Liuzhou and Laibin areas, include radio-
larian species of the Follicucullus charveti - Albaillella
yamakitai Assemblage Zone.
Yao J. et al. (2001) examined the correlation of the
conodont and radiolarian biostratigraphy in the Gujo-
hachiman section, Southwest Japan. They correlated
both conodont zones of the Clarkina liangshanensis
Zone (partly) and the Clarkina orientalis Zone to the
Follicucullus charveti Albaillella yamakitai
Assemblage Zone. These zones are assigned to early
Late Permian (Wujiapingian) time.
Recently, Sun et a!. (2002) re-examined the
Permian radiolarian biostratigraphy in the bedded chert
section in Qinzhou area. They correlated the
Follicucullus charveti Zone to the latest Guadalupian
(Middle Permian) according to the co-occurring con-
odonts. Because the co-occurring conodonts were not
shown in their paper, their correlation remains unclear.
6.2 Paleoenvironmental changes
The relative ratio of radiolarians to sponge spicules
of each sample changes through the Tongtianyan 2L
section. In the upper part of the Tongtianyan 2U sec-
tion, the ratio of sponge spicules increases together with
the amount of mudstone. Radiolarian abundance hori-
zons correspond to thin bedded cherts, whereas sponge
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spicules occur from mudstone dominant parts.
It may be suggested that each lithofacies was
related to the appearance of a suitable environment for
each organism. Radiolarian -rich cherts were deposited
in deep basins with relatively low sedimentary rate.
Radiolarian blooming and/or supplying siliceous mate-
rials, such as tuff, may also cause the deposition of
cherty beds. On the other hand, the presence of mud-
stones composed of fine-grained terrigenous materials
indicates the influence of land, and a relatively high sed-
imentation rate. Sea level change may also be related
to the change in depositional environment.
It may be inferred that a relatively deep basin, not
pelagic, existed around the Tongtianyan area during late
Middle Permian to early Late Permian time, where chert
sedimentation was dominant. Muddy terrigenous mate-
rials were occasionally supplied there. This influx into
the basin increased in the upper section with flourish-
ing sponges. However, the change in fauna through the
Tongtianyan 2L and 2U sections may indicate frequent
changes in the depositional environment.
Murchey (1990) pointed out that analyses of radi-
olarian and sponge spicule fauna permit lateral and tem-
poral comparisons of depositional environments. She
researched on the occurrence, abundance and diversity
of sponge spicules for siliceous rocks of the Upper
Paleozoic Havallah sequence of central Nevada.
Percentage and diversity of sponge spicule increased in
shallower water. The ratio of spicules to radiolarians
decreases with depth and/or distance from a shelf.
Applying this model to the Tongtianyan section, it is
considered that the water depth decreased upwards.
The ratio of radiolarians to sponge spicules was
also discussed in pelagic cherts. Panasenko and
Rudenko (2000) reported the ratios of microfossils in
Permian cherts in Sikhote-Alin. They counted the
occurrence of radiolarians (Spumellaria,
Latentifistularia, and Albaillellaria) and spicules of
siliceous sponges. They noted the marked changes in
groups through Permian and pointed out three varieties
of chert. Namely, sponge- and radiolaria- bearing
cherts, spumellaria bearing cherts, and follicucullus
bearing cherts. They interpreted that the cause of these
changes was due to global environmental changes.
Although the faunal change in the Tongtianyan section
could not correspond to the results of Panasenko and
Rudenko (2000), the change may be influenced by
global environment in a broad sense. However, the evi-
dence to relate the global environmental change is not
as yet detected in the Tongtianyan section.
South of Tongtianyan, there are the Chituao and
Penglaitan sections. The lithology of Upper Permian
strata varied laterally. The Chituao section mainly con-
sists of bedded cherts, but include rather fewer radio-
larian species than the Tongtianyan sections. The
Heshan Formation at the Penglaitan section is composed
of limestones, cherts and mudstones. The radiolarian
occurrence is very rare there (Kuwahara et aI., 2003b).
The radiolarian assemblages are influenced by their
paleoenvironmental settings. Further study is necessary
to clarify the implication of Permian radiolarian assem-
blages for paleoenvironmental reconstruction based on
many fossil assemblages.
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Plate I. Scanning photomicrographs of Late Permian radiolarians (Albaillellaria and Latentifistularia) from the
Tongtianyan 2U section, Liuzhao, Guangxi, China.
Figs. 1-3. Albaillella cavitata Kuwahara, from R2565
Fig. 4. Albaillella sp. A, from R2565
Figs. 5 -6. Albaillella yamakitai Kuwahara, from R2574
Fig. 7. Latentifistula? sp. A, from R2565.
Fig. 8. Gustefana obliqueannulata Kozur, from R2565
Fig. 9. Latentifistula? sp. C, from R2574
Fig. 10. Latentifistula? sp. D, from R2574
Fig. 11. Latentifistula similicutis Caridroit and DeWever, from R2574
Fig. 12. Latentibifistula asperspongiosa Sashida and Tonishi, from R2565
Fig. 13. Ishigaum trifustis DeWever and Caridroit, from R2565
Fig. 14. Latentifistula? sp. B, from R2565
Fig. 15. Triplanospongos afL dekkasensis (Noble and Renne), from R2574
Fig. 16. Foremanhelena afL triangula DeWever and Caridroit, from R2574
Fig. 17. Ormistonella robusta DeWever and Caridroit, from R2565
Fig. 18. Pseudotormentus kamigoriensis DeWever and Caridroit, from R2565
Fig. 19. Pseudotormentus sp. A, from R2565
Fig. 20. Raciditor gracilis (DeWever and Caridroit), from R2574
Fig. 21. Raciditor infiata (Sashida and Tonishi), from R2565
Fig. 22. Raciditor aff. inflata (Sashida and Tonishi), from R2565
Fig. 23. Raciditor scalae (DeWever and Caridroit), from R2565
Scale bar of Figs. 1- 6 is a, scale bar of Figs. 7 - 23 is b, respectively. Each scale bar is 100,um.
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Plate 2. Scanning photomicrographs of Late Permian radiolarians (Entactinaria and Spumellaria) from the Tongtianyan
2U section, Liuzhao, Guangxi, China.
Copicyntra cf. akikawaensis Sashida and Tonishi, from R2574
Copicyntra? sp. A, from R2565
Copicyntra? sp. B, from R2565
Copicyntra? sp. C, from R2565
Entactinosphaera crassispinosa Sashida and Tonishi, from R2574
Entactinia itsukaichiensis Sashida and Tonishi, from R2565
Entactinia modesta Sashida and Tonishi, from R2565
Entactinosphaera pseudocimelia Sashida and Tonishi, from R2565
Entactinosphaera? sp. A, from R2565
Entactinosphaera? sp. B, from R2565
Entactinosphaera? sp. C, from R2565
Haplentactinia? ichikawai Caridroit and DeWever, from R2565
Triaenosphaera minutus Sashida and Tonishi, from R2565
Hegleria mammilla (Sheng and Wang), from R2565
Hegleria sp. A, from R2565
Hegleria sp. B, from R2565
Spongotriplls? sp. A, from R2574
Staurolonche? sp. A, from R2565
Stallrolonche? sp. B, from R2565
Pentaspongodiscus? sp. A, from R2565
Meschedea pennica Sash ida and Tonishi, from R2565
Kashiwara cf. magna Sashida and Tonishi, from R2565
Pseudospongoprunum? fontainei Sash ida, from R2574
Incertae sedis A, from R2565
Incertae sedis B, from R2565
Incertae sedis C, from R2565
Incertae seclis D, from R2565
Incertae sedis E, from R2574
Stereoscopic view of Entactinia itsukaichiensis Sash ida and Tonishi, from R2565. Internal spicule with
median bar is showing.
Scale bar is I OOj.lm , except for that is 50j.lm on Fig. 29.
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